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Introduction:
The importance of childhood and adolescent fitness has shifted over time. In the
US, physical fitness test batteries first started to emerge during times of war to assess
military preparedness. However, as conscription became less necessary and the US
turned to issues at home, these fitness assessments became more focused on health over
performance.14 This leads to the question, how is fitness tied to overall health? With this
literature review, I examine the relationships between childhood fitness and metabolic
syndrome, a group of factors that together raise the risk of heart disease, diabetes, or
stroke.
Some recent studies aim to demonstrate a causal relationship between childhood
fitness and adult MetS. Previously, physical activity was an often-cited quantifiable
predictor of adult metabolic syndrome. However, there has been a move in research to
study physical fitness in childhood and adolescence. Zaqout et al (2016) argues that
physical fitness has a more direct link to overall health than physical activity. Research
into the long-term implications of childhood fitness and behaviors is possible because of
cohort studies of large populations of children done in the 1970’s and 1980’s. There are
some limitations to the accuracy and relevance of these studies. Children today have
lower cardiorespiratory fitness and higher waist circumferences than in the 1980’s.
Therefore, the implications of the follow up of these children are not necessarily the same
as what could be shown 20 years from today. Nevertheless, the longitudinal study of
these populations of children is key to understanding the long-term effects of childhood.
The 1985 Australian survey of public school children is commonly used for follow up
studies of at least 20 years. 26,8,16,3,25 Up until this point, there was primarily cross-
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sectional analysis of the effects of childhood fitness, where fitness could be correlated
with either physical activity or health markers during childhood. However, now studies
can track how fitness as a child is associated with adult health. This relationship is also
supported by looking at behaviors and MetS risk over the same time period.
The results from the studies included in this literature review will delineate some
patterns that are seen in childhood fitness research, such as how fitness levels from
childhood track over time or how demographics play into fitness. The strengths and
weaknesses found in these patterns were then used to create two proposals, one proposal
for a cross-sectional study and one proposal for an intervention strategy. From both the
literature review and from proposing novel studies, I will conclude that future research
will need to demonstrate a more consistent significant relationship between childhood
fitness and adult metabolic syndrome in order to continue drawing the conclusion that the
two are linked.

3

Definitions:
In order to develop an understanding of the interplay between the various factors
that influence fitness and health, the definitions of each aspect must be clarified.
Physical activity is the habitual movement of the body by action of skeletal muscle,
resulting in an increase of energy expenditure. Meanwhile, exercise is planned and
structured physical activity done in leisure-time, separately from routine activities. For
example, housework or job-related physical strains are physical activity but not
considered exercise. Sport is a further subset of exercise that is governed by rules and
done for competition. For the sake of understanding, exercise will most commonly be
referred to within the overarching subject of physical activity. However, it will be most
important to distinguish organized sport from other physical activity with children,
because many children have different preferences that are often influenced by attitude
and social environment. Organized sports are not always beneficial for children who are
not as motivated by competition or are uncomfortable in an adversary setting. The
potential solutions for motiving a myriad of children will be discussed as part of my
proposals for bettering childhood fitness.
Physical fitness is a collection of measurable attributes. These attributes include,
cardiorespiratory fitness, muscular fitness, speed and agility, and flexibility.37 Each kind
of physical fitness is influenced by heredity but also can be improved by changes in
nutrition and physical activity. The components of physical fitness will be further
defined below.
Cardiorespiratory fitness, also known as aerobic fitness, is defined as the ability
to perform large-muscle and whole-body exercise at moderate to vigorous intensities for
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lengthy periods of time (# for Saltin). Cardiorespiratory fitness can be measured in a
multitude of ways. Some studies of larger sample size used a 1.6 kilometer or 1 mile run
or a 20-meter shuttle run. 26,37,33,21,5,13,22,9,28,12,20,29 Those that could clinically measure
fitness often used a treadmill or bicycle ergometer to test to submaximal oxygen
consumption, where they measured the subject’s physical work capacity at 170 beats per
minute heart rate. 18,30,34,4,17,10,19,29
Muscular fitness, including muscular power, strength, and endurance could
potentially be associated with adult MetS independent of cardiorespiratory fitness. Power
is measured as energy output per unit of time. In the context of exercise science, “power
has been adapted to mean the ability to perform fast, forceful, propulsive movements,
such as the sprints, jumps, and throws.” 24 All the studies including tests of muscular
power used the standing long (broad) jump. 37,8,21,5,13,12 The broad jump is determined by
the maximum horizontal distance attained with feet together.21 40-meter sprints were
often a component of fitness testing. 37,5 Though these two studies considered sprints
under the separate category of speed and agility, a sprint also can indicate level of
muscular power.24 Muscular strength is the ability to create maximal contractile force
against some resistance in a contraction.11 Studies often split strength into upper limb and
lower limb, where right and left hand grip and in some cases, right and left shoulder
extension measure upper limb strength. Back extensions and pull-ups were also
occasionally used for testing the upper body 37,8,21,5,13,22,10 and for one study, a leg press
measured lower limb strength. 8 The final element of muscular fitness is muscular
endurance, the ability of a muscle group to perform repeated contractions against an
external load for an extended period.15 Muscular endurance was most commonly
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measured by number of push-ups in 30 seconds or number of sit-ups for 30 seconds
8,5,13,22,28,12

; in some cases, the bent arm hang for time was the measure of choice 21,12.

The often supplementary measures of fitness—speed, agility, and flexibility—
were also independently considered for their relationship with adult MetS. Speed and
agility integrate aspects of muscular power, muscular strength, and motor skill.
Researchers used sprints and small distance shuttle runs to look at speed and agility.
37,21,5,13,12

Lastly, the sit and reach test was the measure of choice for flexibility. 2,8,18 The

Institute of Medicine (2012) defined flexibility as “the range of motion of muscle and
connective tissues at a joint or group of joints”.14 The sit and reach test involves the
subject seated on the floor and using a support against their foot, the maximum distance
reached with the tip of the fingers by forward flexion of the trunk is measured.21 Though
it is an important aspect of physical fitness that is often included in fitness tests, it is
difficult to link with health outcomes because flexibility is specific to each joint and not a
full body ability.
Fitness and physical activity habits affect health outcomes and those outcomes
can in return, influence our capabilities. Metabolic syndrome (MetS) is the name for the
group of factors that raise the risk of heart disease and other health problems such as
diabetes or stroke. These factors include waist circumference, triglyceride levels, highdensity lipoprotein cholesterol (HDL-C), high blood pressure, and blood glucose levels.
37

Combined, they create an overall MetS score, where a higher score indicates a less

favorable metabolic profile.
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Figure 1. Alberti et al (2005) p.1060
Metabolic syndrome attracted attention when it was first described as syndrome X
in 1988 and included insulin resistance, hyperglycemia, hypertension, low HDLcholesterol, and raise VLDL-triglycerides. However, it did not originally mention
obesity, which is now considered integral to defining MetS. The naming of the syndrome
serves the purpose of more clearly identifying those at high risk for cardiovascular
disease and type 2 diabetes.
Despite the nominal enumeration of risk factors, there were differing
interpretations of the order of importance within these factors. Diabetes experts from the
World Health Organization placed the highest value on insulin resistance in 1999.
However, in 2001, the US National Cholesterol Education Program thought it best to
require any three of the five factors—abdominal obesity, high blood pressure, raised
triglycerides, low HDL-cholesterol, and hyperglycemia—to diagnose MetS, with no
preference for any one component.2 The IDF Epidemiology Task Force Consensus
7

Group attributes some of the confusion in definition to the problem that “the conceptual
framework used to underpin the metabolic syndrome (and hence drive definitions) has
not been agreed on” (Alberti et al, 2005, p.1059). Additionally, this task force
recommends further research into the use of “tomographic assessment of visceral
adiposity and liver fat, biomarkers of adipose tissue (adiponectin, leptin), apolipoprotein
B, LDL particle size, formal measurement of insulin resistance and an oral glucosetolerance test, endothelial dysfunction, urinary albumin, inflammatory markers (Creactive protein, tumour necrosis factor, interleukin 6), and thrombotic markers
(plasminogen activator inhibitor type 1, fibrinogen)” to develop better predictors of CVD
and diabetes (Alberti et al, 2005, p.1060).2 Overall, the task force concludes that it is not
certain how to treat MetS. Whether it be through lifestyle and behavior changes or a
possible pharmacological intervention, MetS is a growing health problem facing both
adults and children today.
To clarify the different age categories that outline the evolving nature of
metabolic syndrome, childhood, adolescence, and adulthood must be defined. Childhood
is the period of human development beginning with birth and ending with the onset of
puberty.14 The next stage, adolescence, can be further divided into three categories.
Early adolescence is generally between ages 12 and 13, middle adolescence is from ages
14 to 16, and late adolescence is ages 17 to 21. These are huge periods of physical,
psychological, and social growth where identity is often formed.14 Adulthood begins
when the individual enters maturity.
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Key terms from Definitions•

Physical Activity

•

Exercise

•

Sport

•

Physical Fitness
o Cardiorespiratory fitness
o Muscular fitness
o Flexibility

•

Metabolic Syndrome

•

Childhood

•

Adolescence

•

Adulthood
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Method of Review:

Questions

• What are the effects of childhood
fitness on adult metabolic
syndrome?
• How can childhood fitness be
improved?
Search
Terms

• child* fitness adult risk

Total
Results

• 508
publications
Articles for
Review

• 30 peer-reviewed
articles

Figure 2.
I began a search for studies on my topic by formulating the questions I wanted to
answer. First, what are the effects of childhood fitness on adult metabolic syndrome?
And second, how can childhood fitness be improved? These questions led to the search
terms I chose. I began with the 3 articles provided to me by my directors. I then used the
PubMed search engine of the MEDLINE database containing references germane to life
sciences and biomedical topics to search for articles based on those terms. There were
508 total results. I then manually narrow this down to 27 articles for analysis based on
full-text availability, relevance to the two research questions, cohort size above 100, and
childhood age range below 18. I made one exception for age range for a study that
compared fitness and physical activity between gender and race well. For those that the
full-text was not available freely through links on PubMed, I utilized the University of
South Carolina’s library Quick Search so that I could have full access to its resources.
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Figure 3.
I focused first on the articles examining the relationship between childhood
fitness and adult metabolic syndrome. There are 8 studies from my search that
specifically measure fitness during childhood and then clinical examine the risk factors
for MetS in adulthood to see how fitness measures relate to MetS risk. 26,37,8,4,17,10,20,29
While this is not necessarily a sizeable proportion of the 30 articles found in the results,
the other studies complement their findings because they look at childhood physical
activity, risk factors, and attitudes and can be beneficial in analyzing how childhood
fitness tracks into adulthood.
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Discussion of Literature:
Childhood Fitness and Adult Metabolic Syndrome
Schmidt et al (2016) followed up on the Australian Schools Health and Fitness
Survey of 8,498 children aged 7-15 years after 20 years when the participants were 27-35
years old. From the survey, 1,792 participants were eligible for inclusion in this study.
As children, the participants were asked to run 1.6 km as a measure of cardiorespiratory
fitness. Their waist circumference was also measured. During follow up, blood pressure,
blood glucose, blood lipids, and waist circumference were taken. They found that high
waist circumference and low cardiorespiratory fitness as a child were significant and
independent predictors of MetS in early adulthood. Children that had both were 8.5 times
more likely to have adult MetS than those who performed better in the 1.6 km run and
had lower waist circumferences.26

Figure 4. Schmidt et al (2016) p.1137
Fraser et al (2016) were also able to pull from the Australian survey 20 years
later, but only had 737 participants encompassed in their study. These 737 children had
lower BMI scores, waist circumference measures, and socioeconomic status and were
less often smokers than non-participants. However, this study is novel because they
12

sought to associate childhood muscular fitness phenotypes with adult MetS while
Schmidt’s study focused on cardiorespiratory fitness. For muscular strength, they used a
right and left hand grip test, shoulder extension and flexion, and a leg press test. For
muscular endurance, the participants completed as many push-ups as they could perform
within 30 seconds. Muscular power was measured by the standing long jump. To
examine the effects of muscular fitness in comparison to cardiorespiratory fitness, a
submaximal test of physical work capacity at 170 bpm on a bicycle ergometer was
performed. As seen in all studies in this sample, MetS risk—including blood pressure,
blood glucose, blood lipids, and waist circumference—was clinically measured. Fraser et
al found that those with a better combined muscular fitness score, muscular strength, and
muscular power in childhood had a lower risk of adult MetS independent of
cardiorespiratory fitness. However, when adjusted for childhood waist circumference,
the effects were reduced by 41-60%. It is difficult to discern whether childhood waist
circumference is a mediator or a confounder in this instance.8 However, Grøntved et al
(2015) were also able to establish that muscular strength in youth was inversely
associated with BMI, triglyceride levels, diastolic blood pressure, total risk factor score,
and over obesity as an adult. They measured maximal voluntary contractions during
isometric back extension and abdominal flexion as well as cardiorespiratory fitness
through a maximal cycle ergometer test. It was found that isometric muscular strength
held the inverse relationship with adult MetS risk over the 12 year follow-up,
independent of cardiorespiratory fitness and adiposity. 10 These studies highlight the
potential benefits of improving muscular fitness.
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Though Zaqout et al (2016) only had a 2 year follow-up, they tested the whole
range of physical fitness by having participants perform a 20-meter shuttle run, a
handgrip test, a standing long jump, a balance test, the sit and reach flexibility test, and a
40-meter sprint. After 2 years they measured the factors of MetS. This study found that
lower scores for each fitness predictor were associated with higher risk for MetS, except
for upper limb strength. Upper limb strength is most likely the reverse of the other
fitness measures because more muscle is needed to support excess adiposity. Further, it
stated that cardiorespiratory fitness—independent of moderate to vigorous activity—and
lower limb strength were the most important of these predictors. Of the components of
MetS, only blood pressure was not well predicted by fitness, though all components were
more influenced by fitness in girls than in boys. Zaqout et al were unable to demonstrate
the association between physical fitness and clustered MetS risk in longitudinal analysis.
This could possibly be attributed to the lack of direct causation between the components
of physical fitness and overall MetS score. 37
Using the Coronary Artery Risk Development in Young Adults (CARDIA) study
of young adults ages 18-30, Camhi et al (2013) pursued an understanding of both
physical fitness and physical activity trajectories in relation to MetS risk. They used a
graded exercise treadmill test at baseline and followed up after 7 and 20 years. This
cardiorespiratory fitness test was combined with a self-reported questionnaire on physical
activity patterns at baseline and at years 2, 5, 7, 10, 15, and 20. Fitness was lower among
those with high MetS risk at every time point. This relationship was also established for
physical activity except in black women, who had consistently lower levels of physical
activity across all time points. The higher MetS risk associated with low physical fitness
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and activity persisted over the entire 20 years. Though this study focused on young
adults rather than children, it is important to include because of its long follow-up
period.4

Figures 5-6. Camhi et al (2013) p.199-200
Though only measuring men, Mikkelsson et al (2004) were able to follow-up on
413 participants after 25 years that were originally ages 9-21. These men performed a
2000-m distance run test as children and were later given a questionnaire that asked about
hypertension, medication use, blood pressure, leisure physical activity, and current height
and weight to calculate BMI. Blood pressure was also clinically measured at follow-up.
It was determined that slow runners had a higher risk of hypertension as adults with a
statistically significant odds ratio of 2.7. Those that were prescribed and taking blood
pressure medication at follow-up had a mean run time of 641 seconds while those not
taking medication completed the run in an average of 563 seconds during their childhood
run test. For this study, there was an unfortunate amount of loss to follow-up, especially
15

among the slower runners. Nevertheless, it does delineate a direct relationship between
cardiorespiratory fitness and adult blood pressure.20
While performing a longitudinal study of a population-based cohort, Kvaavik et al
(2008) were able to contrast the capabilities of physical activity measures and fitness
measures as predictors of adult MetS. With a baseline average age of 13, data was taken
from the Oslo Youth Study when the participants were ages 15, 25, 33, and 40. Physical
fitness was inversely related to triceps skinfold thickness, blood pressure, and BMI at all
points of follow-up through age 33. Physical activity was unable to demonstrate as
strong of a relationship with cardiovascular disease risk factors and the effects that were
seen diminished as participants reached their middle ages. Studies such as this one are
why there is a strong argument today for childhood fitness rather than physical activity to
be the measure of interest. 17
Another potential area of interest is the relationship between fitness, adiposity,
and inflammation. Measuring C-reactive protein and plasma concentrations of
fibrinogen, Sun et al (2014) sought to associate childhood fitness with adult
inflammatory markers. They examined cardiorespiratory fitness as children with a 1.6
km run and a submaximal cycle ergometer test. BMI, waist circumference, smoking
status, and socioeconomic status were taken at baseline and at follow-up and participants
were stratified by these factors and by sex. In a 20 year follow-up of 1,976 children ages
9, 12, and 15, higher cardiorespiratory fitness as a child was associated with lower adult
inflammation for both males and females. Adiposity was also linked as well and had a
mediating effect on the relationship. 29 Nevertheless, it is potentially promising to look
into more measures of inflammatory biomarkers as indicators of adult health.
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Tracking Physical Activity, Physical Fitness, and Health Risks into Adulthood
How Childhood Health Risk Factors Correlate with Adult Health
The components of metabolic syndrome can be looked at as separate risk factors
in both childhood and adulthood. Kelly et al (2015) focused on blood pressure levels as a
measure of cardiovascular health. Participants were categorized as normotensive,
prehypertensive, and hypertensive. Those that were prehypertensive had a systolic blood
pressure between 120 and 140 mmHg or a diastolic blood pressure between 80 and 90
mmHg. The hypertensive group had blood pressure levels above 140 mmHg for systolic
or 90 mmHg for diastolic. In a 20 year follow-up of 798 participants ages 9, 12, and 15,
those with elevated blood pressure in childhood had a 35% increased risk of high blood
pressure as adults. They concluded that systolic blood pressure tracks more strongly than
diastolic blood pressure. These results demonstrated a significant correlation between
childhood health and adult health; however, there were some limitations to the study.
First, blood pressure was measured with different instruments between baseline and
follow-up, though they internally validated the agreement between the automated
sphygmomanometer and the mercury sphygmomanometer. Further, there was only one
time point for follow-up and there was a 70% loss to follow-up and participants lost were
more often females with lower adiposity. Nevertheless, this study did maintain a large
cohort over a 20 year period.16
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Figure 7. Kelly et al (2015) p.1425
In 2014, Tapp et al sought to understand the impact of adiposity developed in
childhood and adulthood on cardiac structure in adult life and for this reason, they named
the study the Childhood Determinants of Adult Health study (CDAH). At baseline, they
looked at 2,410 participants from the 1985 Australian Schools Health and Fitness Survey
ages 9 to 15 and of those, 181 had complete data by the end of the study. At baseline and
at follow-up where participants were ages 26 to 36, health characteristics such as BMI,
waist circumference, skin fold thickness, blood pressure, submaximally tested
cardiovascular fitness, blood lipids, and blood glucose were taken. A positive association
between adult left ventricular mass and childhood body mass index and further between
childhood BMI and adult BMI was found. From this, they concluded that increased
adiposity in childhood and adulthood has a detrimental effect on cardiac structure.30
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Figure 8. Tapp et al (2014) p.6
Antony et al (2013) also drew from the 1985 Australian schools survey. In a
longitudinal cohort study, they looked at 449 participants ages 7-15 at baseline. They
followed up with those children 25 years later to determine if they were experiencing
knee problems as adults. As children, researchers measured their weight, height, and
BMI. Antony et al then used an osteoarthritis index (WOMAC) for assessing knee pain,
stiffness, and physical dysfunction determined from a survey in adulthood. Within their
cohort, 7% of participants were overweight as childhood but 48% were overweight as
adults. They found that 34% of adults questioned had some knee pain. There was no
significant association between childhood measures and total WOMAC scores; however,
in men, being overweight as a child correlated with knee pain in adulthood. In both men
and women, children that were overweight were more likely to experience walking pain
as adults. Overall, though the mechanism is unclear, they concluded that childhood
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weight measures were significantly associated with pain, stiffness, and dysfunction
among men, independent of adult weight.3
As part of the Childhood Determinants of Adult Health Study, Magnussen et al
(2011) looked at how lifestyle changes affect the stability of blood lipid and lipoprotein
levels from youth to adulthood. High levels of either of these is referred to as
dyslipidemia. 539 children ages 9, 12, and 15 were measured for plasma total cholesterol
and triglyceride levels enzymatically and HDL-C levels by precipitation of apoprotein B.
At a follow-up of 19-21 years, all measurements were taken enzymatically and they also
determined LDL by a formula. At both time points, BMI, waist circumference, skin fold
thickness, smoking habits, nutrition recall, use of hormonal contraceptives, submaximal
cardiovascular fitness, and parent education level were measured and determined. They
found that many individuals with high risk blood lipid and lipoprotein levels (BL/LP) at
baseline no longer had high risk at follow-up. However, those who increased in adiposity
and/or smoked were more likely to maintain high risk BL/LP. Those who became high
risk by follow-up were less likely to have improved their socioeconomic status over the
same time. Together, these finds show that positive changes in modifiable risk factors
such as adiposity or smoking between youth and early adulthood can shift an individual
from high risk to low risk BL/LP levels. However, it is not possible to completely
account for unmeasured variables such as overall diet or alcohol use. Nevertheless, this
study indicates that interventions promoting weight control, physical activity, quitting
smoking, and improving socioeconomic status could potentially prevent adult
dyslipidemia.19
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Schmidt et al (2011) studied 2,188 children ages 7-15 from the 1985 Australian
survey to compare how the risk factors for MetS tracked from childhood to adulthood.
At both baseline and follow-up, they measured height, weight, waist circumference, hip
circumference, and the sum of skin fold thickness at the tricep, bicep, subscapular, and
suprailiac sites. They also measured each MetS risk factor clinically at follow-up,
including waist circumference, blood pressure, blood glucose, and blood lipids. It was
found that waist circumference and skin fold thickness most strongly predicted adult
MetS. The relative risk for children in the highest quartile compared to the lowest
quartile was 4.8 for males and 5.8 for females. Further, every 10 centimeter increase in
childhood waist circumference was associated with a twofold increase in adult MetS risk.
This relationship between childhood waist circumference and adult MetS was
independent of any changes in waist circumference from childhood to adulthood. This
study serves as a comparison of practice field measures of obesity status in populationwide screening, though it should not be assumed that these measures are gold-standard
measures.25

Figure 9. Schmidt et al (2011) p.43
21

The Relationship between Childhood and Adulthood Physical Activity and Physical
Fitness
Dennison et al (1988) used the Youth Fitness Test designed by the United States
President’s Council in the early 1960’s to see how childhood fitness affected adult
physical activity levels. They sent Seven-Day Recall Method surveys for recalling
moderate, hard, and very hard physical activity to persons ages 23 to 25 that had
completed the Youth Fitness Test at either age 10-11 or age 15-18; they were able to use
data from 453 respondents. The childhood test included a 45 meter dash, a standing
broad jump, sit-ups, pull-ups, a shuttle run, and a 600 yard run. They found that currently
physically activity adults had better fitness test scores as children. The strongest
correlation was seen with the 600 yard run, sit-ups, 45 meter dash, and shuttle run tests.
The children that performed well in the Youth Fitness Test were more likely to have
participated in organized sports and were more often encouraged by their parents to be
physically active. Physically inactive adults were more likely to report a family history
of heart disease and hypertension. This study heavily relies on self-reporting of physical
activity and could be subject to recall bias. Still, it shows that childhood fitness tracks
similarly in benefits to adult physical activity as it does with adult MetS.5
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Figure 10. Dennison et al (1988) p.328
Huotari et al (2011) also connected childhood fitness to adult physical activity by
performing a follow-up of adults 25 years after completely fitness tests at ages 12-18.
During childhood, their fitness test included running, sit-ups, a 4x10 shuttle run, pull-ups,
and a broad jump. Researchers also measured BMI and asked participants about
participation in organized sport and frequency of physical activity. At follow-up, adults
were given a questionnaire about physical activity habits and from this, a physical
activity index was calculated for 209 participants. The odds ratio for being inactive in
adulthood among those who were physically active in adolescence compared to those
who were inactive in adolescence was 0.13 for males and 0.28 for females. Comparing
males in the highest fitness group to those in the lowest during adolescence, the odds
ratio was 0.24 for adult inactivity, where those who were least fit were more likely to be
less active as adults. When they looked at self-reported physical activity in adolescence
and adulthood, activity as a child predicted activity as an adult in both males and females.
However, they only found significant correlation in males for adolescent fitness and adult
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physical activity. This could potentially be the result of the higher participation in
vigorous activity and competitive sport in males compared to females in 1976.13
Huotari used the same cohort to investigate how participation in leisure-time
physical activity and physical fitness in adolescence predicted self-reported physical
fitness in adulthood. In addition to the 5 fitness tests from the previous article,
adolescents completed questionnaires on physical activity. As adults, participants selfestimated fitness and a fitness index was created to compare to the adolescent fitness
index. Higher rates of leisure-time physical activity and better physical fitness in
adolescence correlated with higher self-estimated fitness scores in adult males and
females. The association was stronger with adolescent fitness and adult fitness than
adolescent physical activity, indicating that fitness was potentially a better predictor.12

How Demographics Influence Metabolic Syndrome
Many of the articles from this search compared demographic differences in
participants to determine if they had any potential effect on health outcomes. In
particular, there were often significant differences the relationships between physical
activity, physical fitness, and MetS risk in males and females. Riddoch et al (1991)
found that at all ages between 11 and 18 of their cohort in Northern Ireland, boys were on
average more active than girls; they saw a substantial decline in physical activity levels in
girls after age 14 and these levels were extremely low by age 18.22
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Figure 10. Riddoch et al (1991) p.1428
Despite the findings from the previous study that females are far less physically active
than males, Lobelo et al (2010) found that in a cross-sectional study of 1,247 adolescents
ages 12 to 19, cardiovascular disease risk—measured by the skin fold test—decreased as
cardiorespiratory fitness—measured by a treadmill test—increased in both males and
females. Though both did increase, Figure 12 shows that males had a significantly higher
CVD risk for the first cardiorespiratory fitness quintile. This is counterintuitive to the
level of physical activity difference between males and females.
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Figure 11. Lobelo et al (2010) p.355
Further, Oretega et al (2005) found only a small difference in the percentage of boys and
girls with a risk of cardiovascular disease.

Figure 12. Oretega et al (2005) p.904
Socioeconomic status is also an important player in health outcomes. Freeman et
al (1990) compared one low risk and one high risk school for coronary heart disease.
They took medical histories, asked about socioeconomic background dietary habits, and
smoking status, and measured blood pressure, BMI, and skinfold thickness. They gave
questionnaires on sports participation and that sport’s duration, frequency, and intensity.
Each student was then placed in one of three cateogiries based on aerobic activity. The
students performed a 20 meter shuttle run and blood lipids and heart rate were taken
afterward. It was found that more prevalent smoking, increased body fat, poor diet, and
physical inactivity were seen in pupils from the school in the high risk area compared to
those in the low risk area. Blood lipids, maximum oxygen uptake, and hypertension were
similar in both schools, though mean systolic blood pressure was higher in the low risk
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students. Overall, this study concluded that socioeconomic status predicted coronary
heart disease risk and this seemed to reflect the adult mortality rates in each area.9

Figure 13. Freeman et al (1990) p.81
Dohle et al (2013) also investigated how childhood background influences health
outcomes; however, this study was able to follow up on 712 high schoolers when they
were eldery adults over the age of 70. It is unique that a study would be able to have over
a 50 year follow-up. Using a military recruitment survey sent to World War II veterans,
they were able to see respondents’ participation in high school sports, smoking status,
socioeconomic background and personality attributes. They then asked about physical
activity and risk factors such as smoking status and education level at follow-up. The
study found that the most valuable predictor of future physical activity was participation
in varsity sports. They found no effect from their adolescent environment or the size of
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their town. This could be extrapolated to suggest that their access to a recreational
facility did not impact their physical activity levels as much as varsity sport.6

Figure 14. Dohle et al (2013) p.3
Because socioeconomic status determines the school system the child is able to
attend, the school environment can be drastically different for a child from a
disadvantaged background. Webber et al (2012) studied 745 female school personnel at
public schools in southeastern Louisiana. They compared black and white females by
measures of BMI, skinfold thickness, blood pressure, blood lipids, and physical activity
based on data from accelerometers. Of those studied, 30% of women were overweight
with 39% of white females classified as obese and 61% of black females classified as
obese. The mean amount of daily moderate to vigorous physical activity was less than
one minute per day. A positive association between BMI and other risk factors except for
HDL-C was found. From these results, it is clear that the staff were extremely unhealthy.
This does not set a good example of health for the children that interact with the staff.
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Staff behaviors should be considered when developing potential health interventions for
schools.35
Another consideration for childhood behaviors, and therefore physical activity
levels, is the personality of the child. Uijtdewilligen et al (2011) asked 217 13-year-olds
about their feelings of social inadequacy, rigidity, self-sufficiency, dominance,
motivation, anxiety, and social desirablity. They also measured their BMI and skin fold
thickness as well as muscular fitness, flexibility, and cardiovascular endurance using the
MOPER test battery. During follow-up at age 42, the participants wore accelerometers
for physical activity and sedentary behavior measurement. It was found that boys who
had lower scores for self-sufficiency and higher scores for anxiety were more sedentary
at follow-up. Girls with better high jump but lower social desirability were also more
sedentary as adults. In contrast with sedentary behavior, this study was unable to predict
physical activity in adulthood.32
Because there are so many different factors that influence health outcomes and are
often intertwined in each other, it is difficult to make distinct conclusions on how each
are related. Nevertheless, it is evident that there are differences in physical activity and
the performance capabilities in fitness testing between males and females. It was also
shown that socioeconomic status and personality development play a role in health
behaviors. Both Uijtdewilligen and Dohle concluded that personality affects the
adolescent’s attitude towards organized sport and therefore affects their physical activity
levels. When thinking of possible intervention strategies, demographics are important to
consider for their influence on behaviors and outcomes.
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Influencing Childhood Fitness: Intervention Strategies
Strategies on improving fitness during childhood vary in approach. Some target
school behavior while others focus on how to address concerns in home lives. To
improve fitness, they look at physical activity, nutrition, and personality barriers to
fitness. For example, Siegrist et al (2011) propose a study for a lifestyle intervention
program that combines a school-based and home-based approach to combine the efforts
of children, parents, and teachers. They postulate that the best way to improve fitness
and prevent childhood obesity is to reduce screen time and improve health knowledge.
Yam et al (2012) bring forward a unique method for bettering at home health with a
proposal to use dog-walking to promote child and parent physical activity. Their
randomized controlled trial aims to inform future dog-based intervention strategies for
children and parents to enjoy physical activity together. Another unconventional
approach was explored by Walpole et al (2011). They proposed an experimental study to
compare health markers such as BMI, body fat percentage, waist circumference, blood
glucose and blood lipids, nutrition assessment results, and fitness test results from a cycle
erogometer. One group receives Motivational Therapy and the control group receives
training on social skills. Ideally, this study aims to show that a Motivational Interviewing
based therapy will help dietary behavior and fitness. These study protocols show some of
the possibilities that future research will explore in order to provide novel approaches to
combating the childhood obesity epidemic.
Examining complete childhood fitness intervention studies, Slawta et al (2008)
had a comprehensive approach where they aimed to improve both physical activity and
nutrition in order to improve fitness scores. They included a cohort of 75 children ages
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6-12 from a primarily White and rural community. Three times per week for 2 hours
each session, children performed exercises that included running, jumping, yoga, and
strength training. They varied the activities for each child based on ability and their
fitness goals. Each session also included food tastings of vegetables, fruits, and whole
grains accompanied by education on those foods. They were incentivized to improve
their fitness with whole-grain pancake mix or plastic tokens and medals that they could
attach to their backpacks. In addition to the regular sessions, the program took the
children on hiking and ice-skating field trips and brought the children to the supermarket
to learn about healthy food items. Fitness was measured pre-intervention and postintervention with a mile run and maximum sit-ups in 60 seconds. Clinically, they
measured BMI, skinfold thickness, and blood lipids. They also had the children complete
a nutrition test and a food log with their parents. Before the program, most children were
unable to meet the national norms for the mile run and sit-up tests. They exceeded
saturated fat and sodium intake recommendations. Over half of the children were above
BMI recommendations as well. After the program was completed, they saw significant
improvements in both fitness measures, all body composition measures, HDL-C levels,
nutrition knowledge, and for some dietary habits.28
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Figure 15. Slawta et al (2008) p.308
Also looking at the effects of both fitness training and nutrition, Vandongen et al
(1995) had a large cohort of 1,147 children ages 10-12 from 30 schools participate in
varying combinations of fitness training, school nutrition education, and home nutrition
education over a 9 month period. Before and after their intervention, they measured
nutrient intake, physical fitness by a 20-m shuttle run and a 1.6-km distance run, BMI,
skinfold thickness, blood pressure, and blood cholesterol. The fitness program included
15 minute daily lessons designed to raise heart rate to over 140 bpm. The school
nutrition education consisted of 10 1-hour lessons with the goal of improving nutrition
knowledge and eating habits. The home-based nutrition program used comic books with
educational material on nutrition and came with homework exercises and activities that
were to be turned in at school for incentives. For those in the fitness groups, the study
found that girls’ fitness increased and diastolic blood pressure and skinfold thickness
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decreased. Fitness programs were more success than nutrition education in most
categories for both genders but particularly for girls.33

Figures 16-21. Vandongen et al (1995) p.16
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Ferguson et al (1999) sought to examine if exercise training could effectively
improve health markers and cardiovascular fitness. 79 children ages 7-11 were split into
two groups, one receiving exercise training for the first 4 months of the study and the
second receiving exercise training for months 4-8 of the study. During the training,
children participated in games and exercises that targeted cardiovascular fitness 5 days
per week for 40 minutes per day. Mean attendance was 80% for each session. At time
points 0, 4 months, and 8 months, they measured plasma lipids, blood insulin levels,
blood glucose levels, percent fat, and submaximal heart rate. The results for the
submaximal heart rate did not reach significance, though there was a pattern of declining
submaximal heart rate during training compared to the periods of no exercise training.
They also did not see significant differences in gender or ethnicity comparisons. Further,
they found no difference between the groups for blood glucose but found significant
improvements for insulin levels, triglycerides, and percent fat. They concluded that
regular exercise training lead to positive changes in insulin resistance syndrome during
the 4 months of training, independent of nutrition. However, this positive change is
reversible when exercise ceases.7

Figure 22-23. Ferguson et al (1999) p.892
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Trudeau et al (1999) were able to look at the effects of regular physical education
on attitudes towards physical activity 20 years later in adulthood. Between 1970 and
1977, a group of 147 children received five physical education sessions per week for their
6 years of primary school. They were then compared to a control group taken from the
Québec Health Survey data bank matched for sociodemographic profile. Researchers
found a higher rate of physical activity in women from the experimental group compared
to the control group, though both groups had similar perceptions of barriers to physical
activity. In men, there was a lower prevalence of regular smokers in men from the
experimental group than men in the control group. This study attests to at least a
moderate benefit in adulthood from daily physical education in primary school.31
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Proposals

Figure 24.
To address the lack of significant results in regard to the relationship between
socioeconomic status and childhood fitness, I propose a cross-sectional study to clarify
the potential interplay between the two. This study would use a large cohort of children
age 8-18 from a broad population. A questionnaire would be sent to the child’s home for
the parents to complete. It includes questions on parental education, marriage status,
household income, town size, access to recreational facilities, family medical history, and
parental smoking status. The children would all perform an 8 fitness test battery that
measured cardiorespiratory fitness, muscular fitness, and flexibility. The key result to
examine is the proportion of those in each quintile for fitness test results that come from
an overall advantaged or disadvantaged background. This could be further divided into
each characteristic of socioeconomic status to compare the significance of the factors.
Further, the data could be stratified within the cohort for age as well, to see if
socioeconomic status has more of an effect in younger or older children. I hypothesize
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that a disadvantaged background will have a more significant negative effect on fitness
test performance in those age 13-18 within the children in the study. I also hypothesize
that household income will be the most significant factor of those in the questionnaire.

I also propose a technique for intervention to improve childhood fitness test
performance. Examining Figure 24, it should be noted that psychosocial factors play into
childhood and adolescent obesity risk. This includes body dissatisfaction and anxiety.

Figure 25. Alberga et al (2012) p.268
Current fitness testing uses cut-points, established from performance data on a
single fitness test with health outcomes from a broad youth population. These cut-points
are developed with a norm-referenced approach, where all children have the same
standards to meet. This can discourage unfit youth who are aware that their chances of
achieving the standard is low. This approach also favors genetically talented youth while
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disfavoring youth from disadvantaged backgrounds. Some of these concerns can be
addressed by a criterion-referenced approach, where the standard is developed
independent of the population’s fitness levels. However, in field testing, the normreferenced approach is the least costly and easiest for testers to use and is therefore the
dominant method.14
Because of the discouraging nature of fitness testing, many children in the lowest
quartile of performers often are uncomfortable on testing day and as a result, often do not
push themselves to perform as best as they can. Also, many physical education teachers
have a harsh and loud style of speaking to the class of children. While this may provide
some extrinsic motivation to the best performers, many find a confrontational style
unpleasant, which can lead to resentment and defensiveness from the child. To address
this problem, I propose an intervention at the staff level with the goal of improving the
child’s comfort with fitness testing. Based on Walpole et al’s (2011) examination of
Motivational Interviewing, I recommend applying this technique to the teacher-child
relationship. Motivational Interviewing emphasizes the importance of understanding the
child’s internal frame of reference and insists on always displaying a positive regard for
the child. The teacher should use empathic responsivity of body language and facial
expression to demonstrate to the child that they truly understand their feelings and
hesitations. After having developed trust from the child, the teacher will be able to help
the child to think about and verbally express how their health status and behaviors affect
their ability to achieve their personal life goals. This aims to enhance their intrinsic
motivation over the long term.
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Motivational Interviewing has evidence of effectiveness for adults but few studies
have targeted youth populations. Furthermore, the child may need to be ready to
recognize their maladaptive belief pattern in order for the technique to be efficacious.
This intervention may be difficult to enforce among physical education teachers who
have already developed their own style and ways of dealing with a large class setting.
Nevertheless, many of the concepts and ideals of Motivational Interviewing could be
applied to the teacher-child relationship in order to help the child become more
comfortable with fitness testing.
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Conclusions
Through the review of literature on childhood fitness and related factors, there are
some patterns to be noted across the studies. First, high childhood waist circumference
and low cardiovascular fitness were most commonly associated with adult metabolic
syndrome. Meanwhile, muscular fitness was associated with a lower risk of adult MetS.
However, in some studies, the reverse was true for upper limb strength. This could be
attributed to the need for more upper body muscle to support excess adiposity. Also,
systolic blood pressure was noted to track stronger over time than diastolic blood
pressure. There were, however, questions of statistical significance in the findings of
many studies that made strong conclusions on the relationships between childhood and
adulthood health factors. For example, Freeman et al (1990) concluded that lower
socioeconomic status predicted a higher risk for coronary heart disease from only a few
person difference from a small cohort. Studies such as this one would be more definitive
with a larger sample and a more significant relationship.
Demographics also had a role to play. It was found that looking at gender and
race difference between black and white men and women, black women had the lowest
fitness and physical activity levels. Further, males are more fit and physically active but
also have a higher risk of cardiovascular disease. Socioeconomic status will require
future research to provide a more coherent relationship with childhood fitness. It is
possible that its relationship will even prove different for younger versus older children.
Lastly, personality can also influence fitness and physical activity. Low social
desirability and high anxiety in childhood were associated with low adult physical
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activity levels. Not only do demographics contribute to current health status but they can
also influence how the individual matures and how they will behave as an adult.
In contrast with other studies that suggest that physical fitness tracks better over
time for MetS, Riddoch et al (1991) and Huotari et al (2011) conclude that fitness is
mostly reliant on genetics and physical activity is the factor that should be addressed
when planning intervention. Zaquot et al (2016) argues the opposite case, stating that
fitness is a stronger predictor of adult MetS. There is a need for more research into the
direct relationship between childhood fitness and adult MetS and childhood physical
activity and adult MetS. As the number of resources for broad samples of children
performing physical fitness tests grows, it will become more possible for longitudinal
studies in the future.
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#

Author
Name &
Year
Schmidt
2016

# Part.

Methods/Characteristics

Results

Strengths v. Weaknesses

1,792 ages
7-15

20 year follow up.
Measures at baseline- 1.6 km run,
waist circum.
Follow up as adult- BP, blood glucose
& lipids, waist circumference

High childhood fitness did not change risk
association with high abdominal adiposity,
which increased MetS risk independently.
Children today have lower cardio & higher
waist circumference than 1985

2

Zaqout 2016

1635 ages
6-11

3

Fraser 2016

737 ages
9, 12, &
15

4

Ferguson
1999

79 (70
made
everything
) obese
children
ages 7-11

No different between groups for blood
variables but significant improvement for
insulin, TG, & % fat. Regular ET leads to
positive changes in insulin resistance
syndrome during 4 months ET (independent
of nutrition). Positive change is reversible
when ET stops

Recruited by fliers. Did not closely monitor
nutrition. Not perfect attendance.

5

Lobelo 2010

1,247 ages
12-19

Longitudinal study with 2 year follow
up.
Predictors- 20 m shuttle run, handgrip
test, standing long jump, balance, sit
& reach, 40 m sprint.
Outcome measures- waist
circumference, BP, blood lipids,
insulin resistance
20 year follow up.
At childhood: muscular strengthR&L hand grip, shoulder
extension/flexion, leg press; muscular
endurance- push-ups for 30 secs;
muscular power- standing long jump;
clinic- submaximal PWC HR and
body mass.
At adult: MetS risk score w/ waist
circumference, BP, blood lipids,
blood glucose.
Experimental study.
Group 1: Exercise training for 4
months followed by 4 months no ET;
Group 2: 4 months no ET then 4
months ET. Measured at 0, 4, & 8
months. Testing: cardio & games 5
day/week for 40 min/day w/ mean
attendance 80%. Measure: plasma
lipids, insulin & blood glucose, % fat,
& submaximal HR
Cross-sectional study.
CRF measured by treadmill test then
stratified by age and sex.

High waist circumference/low cardio as
child were significant independent
predictors of MetS in early adult. Children
with both were 8.5 times more likely to
have adult MetS. Better adult fitness meant
lower MetS.
All predictors had association of lower
fitness with higher MetS risk except upper
limb strength. Cardio and lower limb most
important. Cardio significant independent of
vigorous to moderate activity. BP only
factor not well predicted by fitness.
Components of MetS were more influenced
by fitness in girls than in boys.
Better combine muscular fitness score,
strength, & power in childhood had lower
risk of adult MetS independent of CRF.
When adjusted for child waist
circumference, effects reduced by 41-60%

Risk decreased with increasing CRF in
males and females. Biggest fall in CVD risk
between 1st and 2nd quintile; therefore,
should absolutely avoid very low fitness

Large pop based sample of US adolescents.
Demographics match population.
But, low participation in analytical sample.
Lower mean BMI could overestimate.

1
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Short follow up. Association between PF &
clustered MetS risk disappeared in
longitudinal analysis- probably because
there is not a direct causation between the
components of PF & MetS score.

Non-participants had higher BMI & waist
circumference, had lower socioeconomic
status, & were more often smokers than the
737.
Protective effect of child waist circummediator effect? Confounder?

6

Kelly 2015

798 age 9,
12, 15

7

Vandongen
1995

1147 ages
10-12
from 30
schools

8

Ortega 2005

2859 age
13-18.5
(Spanish)

9

Dennison
1988

453 ages
10-11 &
15-18

10

Tapp 2014

2410 ages
9-15 with
181
complete
data

CVD risk measured adiposity
(skinfold test), insulin resistance,
blood pressure, triglycerides, &
cholesterol.
Categories by race, socioeconomic
status, age, gender, & weight
20 year follow up.
BP measured as child (normal, prehypertensive, hypertensive).
Measured BMI, fruit/veg intake, CRF,
PA, alcohol/smoking, & status at both
child & adult.
Randomized Control Trial. 9-month
period.
Groups: fitness, fitness+school
nutrition, school nutrition,
school+home nutrition, home
nutrition, or control. Measures before
& after intervention: nutrient intake,
fitness, anthropometry, BP, & blood
cholesterol.
At Adolescence: sit & reach, hand
grip, standing broad jump, bent arm
hang, shuttle run for agility, shuttle
run for max aerobic capacity.
Compared to figure on % girls & boys
with cardiovascular risk
Measure at child: Youth Fitness Test
designed by President’s Council in
early 60’s. 45-m dash, standing broad
jump, sit-ups, pull-ups, shuttle run, &
600 yd run.
Measure as adult: survey with SevenDay Activity Recall Method recalling
moderate, hard, & very hard PA.
At adult follow-up, echocardiograph
(heart imaging) taken in select
participants.
General health characteristics taken at
child & adult:BMI, waist
circumference, skinfold, BP,

status/requires intervention. Independent of
sex, race, and status

Higher correlation of systolic BP than
diastolic BP in tracking. Children with
elevated BP had a 35% increased risk of
high BP as adult.

Girls: fitness increased, diastolic BP &
skinfolds decreased. Started outside national
guide & blood cholesterol too high in 1/3
girls. Fat intake decreased for home
nutrition groups & fiber intake increased for
school+home & fitness groups.
Boys: fitness, fitness+school, &
school+home groups reduced sugar intake.
Should use different methods for boys &
girls.
Those who showed poor aerobic capacity
(cardiovascular risk) also performed worse
in tests measuring other physical qualities
except hand grip for boys & flexibility for
girls.
Currently physically active adults had better
fitness test scores as children—especially
600yd run, sit-ups, 45-m dash, & shuttle
run. Also participated in organized sports
more & were encouraged by parents more.
Physically inactive adults more likely to
report family history of heart disease &
hypertension
Positive association between adult left
ventricular mass & childhood body mass
index and with childhood to adulthood
BMI. Increased adiposity from childhood to
adulthood has detrimental effect on cardiac
structure.
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BP measured with different instruments.
Only 1 time point at child & adult. 70% loss
to follow up. Participants more often
females w/ lower adiposity (these were not
clinically significant). Unable to follow
nutrition.
Negative correlation between fat & sugar
intake in boys & girls. Girls more
influenced by dietary education than boys.

Study only determined reference values for
physical fitness. Did not follow up. Only
evaluated potential risk

One of first of its kind. Respondents & nonrespondents had similar fitness distribution.
Adult measurement is questionnaire not
clinical measures.

Small sample size. Little bias from
sample—baseline pop characteristics match
sample. Echocardiographs not taken as
children.

11

Siegrist
2011

15
secondary
schools

12

Walpole
2011

Ages 1018

13

Yam 2012

40 dog
owning
families

14

Dohle 2013

712 high
schoolers

15

Uijtdewillig
en 2011

217 age
13

submaximal cardio, blood lipids, and
blood glucose.
Study protocol. School & home based
approach. Weekly lifestyle lessons to
increase PA & nutrition & decrease
media time in & out of school. 4-6
meetings/year for teachers to review
health topics. Regular parents’
trainings. Measure at beginning & end
of 4 years: BMI, waist & arm
circumference, skinfold, BP, blood
sampling measures, vascular function,
& a questionnaire on PA, diet, &
quality of life.
Study protocol. Control group- social
skills training or Treatment groupMotivational therapy.
Evaluation at beginning & end of 6
months.
Measure BMI, body fat, waist
circumference, blood lipids/glucose,
VO2 max, & nutrition assessment.
Study protocol. Children, parents, &
pets exercising together.
10-week behavioral intervention v. a
control group.
Measurements: accelerometers, body
composition, bone health, BMI, &
quality of life.
Predict PA after age 70 with
participation in HS sports. Uses
military recruitment survey then sends
survey to WWII vets.
Questionnaire at HS & after 70 about
HS sport, smoking, personality & at
70, background from life.
Longitudinal study. Follow up at age
42. At child: BMI, skinfold, MOPER
test, & personality- self-reported
inadequacy, social inadequacy,
rigidity, self-sufficiency, dominance,

Hypothesized study protocol, no results

Children/parents/teachers have to be
informed about group allocation, so no
blinding. Has to be integrated into 15
different daily routines. PA only measured
by question not accelerometer, same as
dietary records.

Study protocol only, no results. Ideally will
show that motivational therapy helps dietary
behavior and therefore decreases metabolic
risk

May not have consistent quality of therapy
for all participants

Study protocol only, no result. Would like
to establish a dog-based PA approach for
family/child health.

Unique approach to public health. Cannot
compare “dose” amounts without
compromising generalizability of the study.
Limited in benefit to families with dogs

Most valuable predictor of future PA (&
further, health status): participation in
varsity sports more than any other factor.
Found no effect from environment or size of
town during childhood. Though not
measured directly, suggests no found effect
between access to recreation facilities as
child & PA after 70.
Boys who scored lower of self-sufficiency
& higher on anxiety were more sedentary.
Girls with better high jump & lower social
desirability were more sedentary as adults.
PA could not be predicted. Results show it

Retrospective questioning (recall). Bias
from self-reporting. Only healthy young
men from beginning.
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Participants more active than general Dutch
population. Study sample differed from
baseline to eligible data providers at 42.
Accelerometers cannot show time of

16

Huotari
2011

1525 ages
12-18

17

Antony 2013

449 ages
7-15

18

Riddoch
1991

3211 ages
11-18

19

Freeman
1990

2 schools,
88 ages
15-16

motivation, anxiety, & social
desirability.
As adult: accelerometers to measure
PA & sedentary behavior
Longitudinal 25-year study. Complete
data for 209 participants though could
use data from many of the 1,525 for
various factors.
At childhood: BMI, fitness testsrunning, sit-ups, 4x10 shuttle run,
pull-ups, broad jump, participation in
sport, & frequency of PA.
As adult: frequency of PA
questionnaire, calculated PA index.
Longitudinal cohort study. 25 year
follow up from Australian 1985
Survey. At child: weight, height,
BMI.
As adult: osteoarthritis index for
assessing knee pain, stiffness, &
physical dysfunction based on survey.

Measurements: sit & reach, broad
jump, # of sit-ups for 30 secs,
handgrip strength, 10x5 shuttle run.
Questionnaire for activity patterns &
life-style (including nutrition,
smoking, & alcohol).
1 low risk & 1 high risk of coronary
heart disease school. 1 PE class from
each school used.
Measures: medical history, BP, BMI,
skinfolds, questionnaire about sports
participation-duration, frequency,
intensity. Each student was then place
in 1 of 3 categories based on aerobic
activity. Also, asked about smoking &
social class.

may be possible to predict risk of sedentary
behavior as adult.

activity/intensity & can underestimate
cycling (popular in the Netherlands)

The odds ratios (OR) for being inactive in
adulthood among those who were
physically very active in adolescence
compared with those who were inactive in
adolescence was 0.13 for males and 0.28 for
females. OR for adult inactivity among
males in the highest versus lowest fitness
group in adolescence was 0.24. High fitness
predicted adult activity
among males but not among females.
Knee pain in 34% of total. Overweight as
child-7%, as adult-48%. No significant
association between childhood measures &
total WOMAC scores but in men, overweight
as child association with adulthood knee
pain. Overweight as child & adult increase
risk of walking pain.
Conclude that child overweight measures
significant association with pain, stiffness, &
dysfunction among men, independent of
adult weight.
At all ages, boys more active than girls.
Substantial decline in PA levels in girls
after age 14, extremely low by age 18. Girls
had healthier nutritional habits. Process of
exercising that equates health benefits, not
ability to perform fitness test.
Smoking (most prevalent risk factor),
increased body fat, poor diet, and physical
inactivity were found increased among
pupils
from the school in the high-risk area
compared
with those in the low risk area. Lipids,
maximum oxygen uptake, and hypertension
were similar in both schools. The risk of
coronary heart disease seems to reflect the
adult mortality rates in the area.

Physical fitness is largely dependent on
heredity. More males in
vigorous/competitive sports in 1976. Bias of
self-reporting. Should combine with
accelerometers. Good for long follow up
time.
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First long term cohort study to look at
childhood weight effect on adult knee
problems. Mechanism not completely clear.
Lower prevalence of overweight children in
this 1985 study. Response rate moderate but
no significant difference in age, sex, &
BMI.

Large sample size. No follow up. No
accelerometry.

Small sample size. Mean systolic BP was
higher in low risk than high risk student
though unclear why. Good large difference
in “privilege” between areas. Study reflects
common finding that social class predicts
CHS.

20

Camhi 2013

4161 ages
18-30

21

Trudeau
1999

147
experimen
tal v. 720
matched
controls

22

Kvaavik
2008

1016 ages
11-15

23

Slawta 2008

91 (75
made
post) ages
6-12

Testing: 20-m shuttle run for VO2
max—HR, blood lipids taken
during/after. Dietary habits recorded.
Longitudinal cohort study. Follow up
at 2,5,7,10,15, & 20 years.
Fitness measured by graded exercise
treadmill test at baseline & year 7 &
20. Baseline MetS risk: MAP,
glucose, waist circumference, blood
lipids.
Used Trois-Rivieres study of 6 years
of primary school (’70-77) with 5 PE
sessions/wk. Control group matched
for age, gender, & socioeconomic
status. Questionnaire about current
(20 yr later) PA, attitude & barriers
toward PA.
Longitudinal cohort study. Follow up
at ages 15, 25, 33, &40 from Oslo
Youth Study.
Measure of PA/Fitness: cycle
submaximal test, HR, questionnaireexercise habits.
CVD risk measures: BMI, skinfold,
waist/hip circumference, pubertal
development, BP, blood lipids.
Socioeconomic status.
Experimental study. Be a Fit Kid
Program 12 wk intervention. 3 x per
week for 2 hours each.
PA: running, jumping, yoga, &
strength exercises. Varied goals by
ability/fitness of child. Some hiking &
ice-skating field trips.
Nutrition: food testing of veggies,
fruits, whole grains, etc with
education. Field trip to super market.
Pre&Post- Fitness Measures: mile
run, sit-ups.
Nutrition measures: test, food log by
parent.
Clinical: BMI, skinfold, blood lipids.

PA significantly lower among those with
higher MetS risk at baseline & each time
point for all but black women. 20-year
trajectories declined at similar rates.

Studied low risk & high risk at baseline so
able to see nature course of PA behavior in
all types. Black women lack of significance
probably from lower overall PA. Use of
CARDIA—strength. Only 1.6% at baseline
had MetS, national average is 34%.

Higher rate of PA in experimental than
control women. Similar attitudes/barriers &
support in both groups. Lower prevalence of
regular smokers in experimental men than
control men.

Significant effect on PA in women but not
men. No difference in attitudes/perceived
barriers. Lack of info on intensity of PA

At baseline, PA inversely related to BMI,
skinfold thickness, & BP. Generally present
at follow-ups (SBP not at 25) (BMI only
measure at 33) but lost by age 40.
Childhood PA effects diminished into
middle age.

With loss to follow up, though few
differences in sample characteristics.
Measure both PA and fitness.

Most children could not meet mile run &
sit-up national norms & exceeded saturated
fat & sodium recommendations. Over half
were above BMI recommendations.
Significant improve for all fitness, body
composition, & nutrition knowledge, some
diet.

Recruited, not random. Primarily white,
rural community. School staff not involved.
Noncompetitive environment helped those
intimidated by sports. Small groups, high
attention.
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24

Schmidt
2011

2188 ages
7-15

25

Grontved
2015

332
children

26

Huotari
2013

1321 ages
12-18

27

Magnussen
2011

539 ages
9, 12, 15

28

Mikkelsson
2004

413 men
ages 9-21

Measurement comparison. 20-year
follow up of 1985 Australian Survey.
Baseline & follow-up measures:
height, weight, waist/hip
circumference, & skinfold at 4 sites.
Follow-up clinic: MetS indicatorswaist circumference, BP, blood
glucose & lipids.
Cohort study with 12-year follow up.
Measured youth max voluntary
contractions during isometric back
extension & abdominal flexion with
dynamometer. Cardio by maximal
cycle ergometer test.
Cardio risk measured as child &
adult- BMI, BP, etc.
Longitudinal study with 25-year
follow up.
Baseline: fitness measured by 5 tests
& self-reported frequency of Leisuretime PA (LTPA).
Follow-up: self-estimated fitness by
questionnaire.
Prospective cohort. 19-21-year
follow-up.
At child: plasma total cholesterol &
triglyceride levels determined
enzymatically, HDL-C levels
analyzed after precipitation of
apoprotein B.
At follow-up: all were done
enzymatically & LDL determined by
formula.
Lifestyle measures: BMI, waist
circumference, skinfold, smoking
habits, 24hr nutrition recall, use of
hormonal contraceptives, cycle
ergometer PWC, questions on parent
education, etc.
25-year follow-up.
As child: 2000-m distance run test.

Waist circumference & skinfold most
strongly predicted MetS at follow-up. RR
for children in highest quarter (v. lowest):
4.8 for males, 5.8 for females. Every 10 cm
increase in child waist circumference
associated with ~x2 increase in risk for
adult MetS

Risk from high waist circumference as child
independent of changes in waist
circumference from child to adult. Findings
are still not gold-standard for child body
composition. Non-participants had higher
BMI, results here maybe conservative.

Each 1 SD difference in isometric muscle
strength in youth was inversely associated
with BMI, triglycerides, DBP, & composite
risk factor score (using fitness), & overall
obesity as adult.

Isometric muscle strength in youth
important independent of fitness, adiposity,
& other confounders. Limited by # of
muscle strength exercises.

LTPA & physical fitness in adolescence
correlated with self-estimate fitness in
adulthood in males & females. OR for low
fitness estimation as adult for those who
were active v. inactive in adolescence=
0.18.

Associate strength with fitness than LTPA.
Self-reported, not measured.

Many individuals with high-risk blood
lipid/lipoprotein levels (BL/LP) at baseline
no longer had high-risk at follow up. Those
who increase adiposity &/or smoked more
likely to maintain high-risk BL/LP. Those
who became high-risk at follow-up less
likely to improve socioeconomic status &
became less fit.

Shows that positive changes in modifiable
risk factors (smoking & adiposity) between
youth and early adult are capable of shifting
from high-risk to low-risk BL/LP levels.
Cannot account for changes in unmeasured
variables like overall diet, psychological
issues, alcohol.

Slow runners had higher risk of
hypertension, OR=2.7. Significant after
adjustment for follow-up age & BMI. Mean

2 patients took medicine before
measurement (so results are conservative).
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29

Sun 2014

1976 ages
9, 12, 15

30

Webber
2012

745
female
school
personnel

At follow-up: questionnaire on
hypertension, medication use, BP,
leisure physical activity, current
height/weight for BMI. Clinical BP
measure at follow.
20-year follow-up.
As child: submaximal VO2 by 1.6-km
run, PWC on cycle ergometer, BMI,
waist circumference, smoking,
socioeconomic status.
At follow-up: Serum C-reactive
protein (CRP) & plasma concentration
of fibrinogen, insulin & glucose,
PWC on cycle skinfold, BMI, waist
circumference, alcohol, education.
Stratified by race to look at black and
white females in southeastern
Louisiana.
Measures: BMI, skinfold, BP, blood
lipids, PA-accelerometers.

running time for those taking meds at
follow=641 s versus 563 s for those not
taking meds.

BP only taken once. Loss to follow-up,
especially seen in slow runners.

Higher cardio fitness as child association
with lower adult inflammation for males &
females. Adjusting for child adiposity,
association still present for females. Higher
adiposity as child & as adult association
with higher inflammation.

First to look at cardio as child link to CRP
& fibrinogen (inflammatory biomarkers).
Adiposity had mediating effect. Large
sample. CRP & fibrinogen only measured
once.

30% of women were overweight. 39% of
white females were obese. 61% of black
females were obese. Positive association
between BMI & other risk factors except for
HDL-C (negative). Mean amount of daily
moderate-to-vigorous PA was less than 1
min/day & was lower for overweight/obese
women.

Unique focus on staff that are supposed to
promote health for children. Schools not
randomly selected, staff had interest. Crosssectional data, so only associations made.
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